The Gemini Multi-Conjugate Adaptive Optics system (GeMS) has been in commissioning in the first 5 months of 2011. In this paper we present the first results of this commissioning period and plans for the future.
Introduction and GeMS overview
GeMS (the Gemini Multi-conjugated adaptive optics System) is a facility instrument for the Gemini-South telescope. The main sub-systems of GeMS are the Laser Guide Star Facility (LGSF) and the AO bench (Canopus) [1] . GeMS uses 5 Laser Guide Stars (LGS) and 3 Deformable Mirrors (DMs) for the high-order correction. A 50W laser is split in 5x10W beacons to produce the 5 laser guide stars (LGS) placed on the sky at the corner and center of a 60 arcsec square. These five LGS are seen by five, 16x16 subapertures, Shack-Hartmann wavefront sensors (WFS). The 2040 slope measurements are used to compute the MCAO high-order correction applied at 800Hz by three deformable mirrors conjugated to 0, 4.5 and 9km and totaling 917 actuators. Up to three either visible or NIR natural guide stars (NGS) provide the measurements for the compensation of the tip-tilt (TT) and plate scale modes. The TT compensation is done by a TT mirror (TTM) while the plate scale modes are compensated by a combination of quadratic modes on the DMs. On top of this main scheme, several secondary loops and offloads are implemented all along the path. Fig. 1 shows the overall GeMS diagram and illustrates the interactions required between the different sub-systems.
In March 2010, Gemini received the 50W laser built by Lockheed Martin Coherent Technology. CANOPUS, the GeMS optical bench, was transported from the integration laboratory in the Gemini South Base Facility to the Cerro Pachon summit in November 2010. The installation on the telescope in January 2011 marked the beginning of a 5 months commissioning marathon for the Gemini MCAO team. The first two commissioning periods -one week in January and one in February-were dedicated to the laser and associated subsystems, the beam transfer optics, the laser launch telescope and various laser safety systems. The commissioning of Canopus itself started in March, with two subsequent runs in April and May, for a total of 9 clear nights. To date, the commissioning has been concentrating on functionality and only very few optimization has been done. In the next section we report on the current status of GeMS functionnality.
Commissioning Results
None of the many subsystems, loops and offloads in GeMS are superfluous. They are needed and have to work well for GeMS to function. Thus many nights had to be dedicated to characterize, debug and optimize them, one by one.
• The detected LGS signal level peaked during the May run -close to the peak of the sodium column density high season-at 140 photons/subaperture/frame at 800Hz, for a total laser power of 45W (about 4.7W/beam projected on sky). Most of the time, we will therefore need to operate at lower speed. The LGS WFS CCD noise is typically 3.0 to 4.0 electrons. Subapertures are 50x50cm. Typical full aperture image of the LGS spots have FWHM of 1.35 arcsec under median 0.7 arcsec seeing. By using lucky imaging, we have determined an upper limit of about 1 arcsec for the LGS spot size.
• The high-order loop is stable, but will still need some further optimization. We found that due to SNR restrictions, Least Square Estimators were not working satisfactorily and Minimum Mean Square Estimators (MMSE) were required [2] . The MMSE also allows to naturally reject the subapertures affected by the Rayleigh background (fratricide effect) and reduce the weight of the edge subapertures with low signal. • Beside the optical throughput limitations (see below), the TT loop is working well, with a maximum sampling rate of 800Hz for a 0dB bandwidth of about 55Hz. To extract the TT and plate scale modes from the 3 NGS WFS signals, we use a MMSE scheme -as for the LGS loop-and did some tests with Kalman and H-infinity loop controller [3] .
• The plate scale compensation loop is working well and is stable. In particular, the three NGS WFS are actualy mounted on a common mechanical platform, used for global dithers/offsets. After the setup on an object, the individual NGS WFS are held in place on the common platform. This scheme makes for stable and driftless operation (in the sense of plate scale modes drift), as seen on sky during continuous operation for up to two continuous hours. Another noteable features is that the upper altitude quadratics for plate scale compensation are now split between DM4.5 and DM9, lowering the stroke requirements on an individual DM.
• Most of the BTO Look Up Tables (LUT) are basically working to acceptable levels: the BTO can track a target for hours, although manual re-alignment is necessary once in a while.
• LGSWFS TT offload to BTO-Fast Steering Array: this loop use the Tip/Tilt signal from each of the LGSWFS to keep the lasers centered. It runs at 200Hz.
• Dithering and on-line centroid gain determination: the FSA are used to dither the laser and calibrate the LGSWFS centroid gains on-line. This is basically working, but would still need more calibation.
• Offload to M1/M2: we offload Tip/Tilt/Focus at 200Hz to M2. This is quite important because of the limited range of the TTM.
• The Slow Focus loop has not been closed due to optical mis-alignement. The zoom mechanism are however moving according to a LUT with the telescope elevation, cassegrain rotator angle and temperature inputs.
An engineering first light image was obtained on April 19, and is shown in figure 2 . This image was obtained after 30mn of focusing and optimization only, and is by no mean representative of what will be the final performance. However, it is very encouraging and already illustrates the advantages brought by multi-conjugate AO: a relatively uniform compensation across a large field of view. Note that the poorer image quality on the left edge of the image is expected, as these stars are outside the constellation defined by the 3 bright stars in the right half, used to control Tip-Tilt. The TA loop was not closed. The last run, in May, was to be dedicated to performance optimization and characterization, along with the production of nice images illustrating the MCAO capabilities. Unfortunately, this run was hampered by bad weather and various technical issues which prevented getting nicer images than the one presented here.
Conclusions
Early June, GeMS entered a 5 months rework period. Significant work will be done on the laser to insure better beam quality, stability and reliability. Stability issues in the Beam Transfer Optics will also be addressed. Finally, various CANOPUS subsystems will also be upgraded, with in particular an effort to improve the NGS wavefront sensors optical throughput. Commissioning should resume in November 2011, focusing on performance and integration with the observatory high level software. System Verification (SV) is expected to happen in March/April 2012.
